Introduction
============

Cancer is a leading cause of death in China. Among all cancer cases, lung cancer is the most commonly diagnosed cancer in men and the second in women in China, and it is the leading cause of cancer-related death in both men and women [@B1]. Due to the increasing air pollution and large smoking population, it is predicted that lung cancer would persistently be a major public health problem in China [@B1]. Therefore, effective lung cancer treatment strategy is in great need, especially for late stage lung cancer which relays on chemotherapy.

Despite the recent development of targeting anti-cancer drugs, cisplatin and its derivatives remain the first line chemotherapy drugs for lung cancer patients, especially for patients with advanced lung cancer [@B2]-[@B4]. Cisplatin is an alkylating agent that induces DNA damages, and it kills cancer cells by the activation of cell death pathways in fast growing cancer cells. Unfortunately, cisplatin also causes damages to normal cells in the body, especially normal active dividing cells such as lymphocytes and hair follicle cells. The strong side effects of cisplatin significantly impair the patient\'s survival and life quality, limiting its use in cancer patients with poor health condition.

To alleviate the adverse effects of chemotherapy, traditional Chinese medicines that can improve health condition and boost immune-system have been employed in combination with chemotherapy [@B5]-[@B7]. The traditional Chinese medicines showed significant benefits in cancer treatment by improving patient health after surgery, radiotherapy or chemotherapy. Shenqi Fuzheng Injection (SFJ) is one of these traditional Chinese medicines which has approved by China\'s State Food and Drug Administration [@B8]. SFJ is the extraction from two Chinese herbs, Radix codonopsis and Radix astragali, and is used to improve immune function, heart disease and multiple organ dysfunction in elderly people [@B9]. In recent years, SFJ has been widely used in combination with chemotherapy for lung, colorectal, gastric and liver cancers, and demonstrated synergetic anti-tumor effect in these trials with improved immune function and reduction of adverse events during chemotherapy [@B10], [@B11]. To further explode possible use of traditional Chinese medicines in cancer treatment, a traditional Chinese compound medicine, Yangyin Fuzheng Decoction (YFD) was utilized in this study. Yangyin Fuzheng Decoction is composed of 12 Chinese herbs, including Radix codonopsis and Radix astragali. Using lung cancer model in C57BL/6 mice implanted with mouse Lewis lung cancer cells, we evaluated the effects of YFD used alone or in combination with cisplatin on lung cancer therapy.

Materials and Methods
=====================

Cell culture and agents
-----------------------

Mouse Lewis lung cancer cells were provided by Boster Biological Technology (Wuhan, China) and cultured in DMEM medium supplemented with 10% fetal bovine serum (FBS) in a humid atmosphere with 5% CO~2~ at 37ºC. Yangyin Fuzheng Decoction was obtained from Qiqihar No. 1 Hospital. IV grade cisplatin was from Qilu Pharmaceutical (Jinan, China).

Animals
-------

C57BL/6 mouse (inbred strain, male, body weight 18-20 g) was provided by Qingdao Experimental Animal Center (Qingdao, China, Certification No. SCXK 2014-0001). All animal experiments were approved by Animal Care and Use Committee of The First Hospital of Qiqihar. Mouse Lewis lung cancer cells at concentration of 2 × 10^6^ / mL was injected into mouse abdomen. After 9 days, ascitic fluid was collected from inoculated mouse. Lewis cells were collected after centrifugation and resuspended at 2 × 10^6^ /mL, and then 0.2 ml cell suspension was injected subcutaneously to the right armpit. 5 days after tumor implantation, the mice with tumor size of 0.3-0.5 cm in diameter were grouped randomly into 4 groups: control, Yangyin Fuzheng Decoction, cisplatin, and combination group, 8 mice per group. Drug treatment started on Day 5 after implantation with fasting overnight. 0.4 mL Yangyin Fuzheng Decoction was given to both Yangyin Fuzheng Decoction group and combination group intragastrically every day for 10 days. 0.2 mL 2 mg/kg cisplatin was administrated to both cisplatin and combination groups intragastrically every day for 10 days. The control group was administrated with equal amount of saline. Body weight, food intake, the activity and death of animal, skin color and defecation were monitored and recorded. 24 hours after the last administration, mice were weighted and euthanized. Tumor tissues were separated and weighted. Tumor growth inhibition rate was calculated using formula: Tumor growth inhibition rate = (average tumor weight of control group - average tumor weight of experimental group) / average tumor weight of control group × 100%.

Immunohistochemical analysis
----------------------------

Tumor tissue was fixed in 10% formaldehyde for 24 hours, embedded in paraffin, and then sliced into 5 µm slides. Next, endogenous peroxidase activity in the slides was quenched and unspecific binding was blocked by incubation with 5% normal goat serum for 1 h, then incubated with Bcl-2, Bax and p53 antibody (Boster, Wuhan, China) overnight at 4°C. Next the slides were analyzed with Super Vision Two-step Immunohistochemistry Assay Kit (Boster, Wuhan, China) and incubated with diaminobenzidine. Images were captured using Motic3000 microscope imaging system and integral optical density (IOD) was qualified using Image-pro plus 6.0 system.

Statistical analysis
--------------------

All experiment data were presented as average ± standard error and analyzed using SPSS 18.0 software (SPSS Inc., Chicago, IL, USA). P \< 0.05 was considered as statistical significance.

Results
=======

Yangyin Fuzheng Decoction suppressed lung cancer growth in mice
---------------------------------------------------------------

To investigate the anti-tumor effect of Yangyin Fuzheng Decoction, Lewis lung cancer cells were implanted into mice to form tumors, and the mice were treated with cisplatin, Yangyin Fuzheng Decoction, combination of cisplatin and Yangyin Fuzheng Decoction, or saline as control. As expected, cisplatin treatment effectively suppressed tumor growth by 57.5% in comparison with control on Day 21 (Fig. [1](#F1){ref-type="fig"}A, B). Yangyin Fuzheng Decoction treatment group showed significant tumor growth suppression by 52.4%. Combination of cisplatin and Yangyin Fuzheng Decoction treatment group showed tumor growth suppression by 71.1%, significantly higher than that in Yangyin Fuzheng Decoction or cisplatin treatment alone group (P\< 0.05, Fig. [1](#F1){ref-type="fig"}B). These data indicated that Yangyin Fuzheng Decoction enhanced the anti-tumor efficacy of cisplatin.

Since Yangyin Fuzheng Decoction is used as health improving medicine in China, we also monitored body weight of mice as a measurement of general health during treatment. Cisplatin treated mice had significantly decreased body weight on Day 21 after treatment, while Yangyin Fuzheng Decoction treated mice gain more weight than control group. Combined treatment of Yangyin Fuzheng Decoction and cisplatin had lower body weight than control group but had significantly higher body weight than cisplatin group (Fig. [1](#F1){ref-type="fig"}C). These results suggested that Yangyin Fuzheng Decoction could alleviate the side effect and improve the health condition of mice during cancer chemotherapy.

Yangyin Fuzheng Decoction promoted lung tumor cell death
--------------------------------------------------------

To investigate how Yangyin Fuzheng Decoction improved anti-tumor efficacy, tumor tissue samples were collected 21 days after the start of treatment. As shown in Fig. [2](#F2){ref-type="fig"}A, tumor tissues from control group were quite large, with irregular shape, fragile and easy to breakup, and very few necrotic areas were observed. Tumor tissues from Yangyin Fuzheng Decoction group were smaller than that from control group, had irregular shape, and some necrotic areas were observed. Tumors from cisplatin group were significantly smaller, had irregular shape, and many necrotic areas were observed. Combined treatment group had significant smaller tumors, irregular shape, and abundant necrotic areas. These results suggested that cisplatin and YFD could inhibit tumor growth through the induction of tumor cell death, and combined treatment with cisplatin and YFD further enhanced the effect.

The tumor tissue from all four groups were then sectioned and stained with H&E for pathological analysis. As shown in Fig. [2](#F2){ref-type="fig"}B, tumor cells in control group showed nested, tight distribution, fast growing. Tumor cells were tightly aligned, cell size was not uniform and cell shape was irregular. The nuclei were big, abnormal, deep staining with uneven distribution, pathological karyokinesis was common, and invasion of lymphocytes was rare in tumor tissue. Tumors in Yangyin Fuzheng Decoction group also had dense aligned tumor cells, but the density was lower than that in control group. Chromatin condensation and pathological karyokinesis were less. Parts of tumor was necrotic and infusion of inflammatory cells was observed. In cisplatin treated tumor tissues, tumor cell density was significantly decreased, cells were swelling and abnormal, pathological karyokinesis and pleomorphic cells were significantly decreased. Large necrotic areas and the infusion of inflammatory cells in tumor stroma were observed. These results demonstrated that cisplatin treatment effectively induced tumor cell death in tumor tissue. In combined treatment groups we found decreased tumor cell density, significantly decreased pathological karyokinesis and pleomorphic cells, large necrotic area and large amount of infusion lymphocytes. Collectively, these results indicated that Yangyin Fuzheng Decoction not only effectively induced tumor cell death, but also improved immune response to tumor cells.

Yangyin Fuzheng Decoction modulated the expression of pro-apoptotic and anti-apoptotic proteins
-----------------------------------------------------------------------------------------------

As a DNA damage inducing agent, cisplatin predominantly induces tumor cell death through apoptosis [@B2]. To investigate the mechanism by which Yangyin Fuzheng Decoction induced tumor cell death, we examined the expression levels of pro-apoptotic proteins p53 and Bax and anti-apoptotic protein Bcl-2 in tumor samples by immunohistochemical staining. Bcl-2 is a key protein on mitochondria membrane that protect cells from apoptosis by the inhibition of caspase activation through blocking of cytochrome C release from the mitochondria [@B12]. We found that Bcl-2 level in Yangyin Fuzheng Decoction or cisplatin group was significantly decreased about 25% in comparison with control group (Fig. [3](#F3){ref-type="fig"}A, B). In combined treatment group, Bcl-2 level was further decreased to about 45% of control group (Fig. [3](#F3){ref-type="fig"}A, B). One the other hand, Bax is a pro-apoptotic protein that mediates cytochrome C release in response to apoptotic signal, and p53 is an important tumor suppressor that function as a transcription factor to upregulate pro-apoptotic proteins and downregulate anti-apoptotic proteins [@B13]. The results showed that the expression of pro-apoptotic proteins p53 and Bax significantly increased more than 2-fold after cisplatin or YFD treatment (P\< 0.05 vs. control group, Fig. [3](#F3){ref-type="fig"}C-F). Furthermore, p53 and Bax expression level in combined treatment group was the highest among all groups and was significant higher than that in cisplatin group (P\< 0.05, Fig. [3](#F3){ref-type="fig"}D, F). Taken together, these results indicated that Yangyin Fuzheng Decoction could enhance apoptosis in Lewis lung cancer cells through the upregulation of pro-apoptotic proteins p53 and Bax and the downregulation of anti-apoptotic protein Bcl-2.

Discussion
==========

Traditional Chinese medicines have been widely used in cancer treatment in China not only for targeting tumor cells directly, but also for improving the health condition of patient in support of chemotherapy or radiotherapy [@B6]. Among them, SFJ is a traditional China medicine which has been applied to a variety of cancer treatment [@B8], [@B14]. SFJ is a simple extract from two herbs Radix Astragali and Radix Codonopsis at 1:1 ratio. Traditionally, Radix Astragali is used to modulate immune system in the treatment of immunodeficiency disease, and Radix Codonopsis is used to treat dyspepsia, fatigue, bronchitis, cough and inflammation. SFJ has been shown in a serial of studies to effectively improve tumor suppression and reduce the toxicity of chemotherapy in a variety of cancers [@B11],[@B14],[@B15]. These results indicate that Radix Astragali and Radix Codonopsis are effective in support of cancer chemotherapy. In this study, we investigated the anti-tumor effect of a complex traditional Chinese medicine Yangyin Fuzheng Decoction (YFD). Our results demonstrated that YFD can inhibit tumor growth when administered alone and improve the heathy condition of experimental animals as indicated by increased body weight. Additionally, YFD can enhance anti-tumor effect of cisplatin.

To understand how YFD improved anti-tumor response, we performed pathology analysis on tumor tissue samples after treatment. Our results showed that YFD alone could cause necrosis in tumor tissues, and when combined with cisplatin, it led to more necrosis in tumor tissues than cisplatin alone. YFD treated tumor sample had decreased cell density and increased inflammatory cell invasion. In YFD/cisplatin combination treated group, the tumor cell density was further decreased and the invasion of inflammatory cell was more significant. These results indicate that YFD enhances anti-tumor effect by improving immune response to tumor tissues, consistent with the documented immune activation effect of Radix Astragali and Radix Codonopsis [@B10],[@B16]. It is important to note that YFD is composed of 12 Chinese medicinal herbs. In addition to Radix codonopsis and Radix astragali, the other ten herbs include Radix glehniae, Gigeriae galli, Glycyrrhizae, Herba hedyotidis diffusae, Radix ophiopogonis, Pericarpium citri reticulatae, Radix angelicae sinensis, Poria, Rhizoma diosscoreae, and Radix asparagi. These herbs have been shown to improve the quality of life and reduce some adverse events caused by radiotherapy or chemotherapy in advanced oesophageal cancer patients [@B17]. Thus, YFD may have better efficacy than SFJ to be used on lung cancer patients with radiotherapy or chemotherapy.

Apoptosis is a major pathway by which anti-cancer drugs kill cancer cells. To understand the mechanism by which YFD induced Lewis lung cancer cell death, we performed immunohistochemical analysis of pro-/anti-apoptotic proteins p53, Bax and Bcl-2. Tumor suppressor p53 is a key transcription factor that plays a central role in apoptosis induction and its cellular level is under tight regulation [@B13]. p53 up-regulates a variety of pro-apoptotic proteins in both intrinsic and extrinsic apoptotic pathways, including Bax, PUMA and death receptors. At the same time, it downregulates anti-apoptotic proteins, such as Bcl-2 and survivin, to sensitize cells to the apoptosis signals. Induction of p53 would activates the cellular apoptotic pathways. Bax is the major pro-apoptotic factor in intrinsic apoptotic pathway that mediates the release of cytochrome C from the mitochondria to form apoptosome [@B18]. On the contrary, Bcl-2 is the key anti-apoptotic protein that blocks the release of cytochrome C from the mitochondria [@B13], [@B19]. Our results showed that Bcl-2 level decreased while Bax and p53 levels significantly increased in tumor tissues after the treatment with YFD, suggesting that YFD may directly kill tumor cells through the induction of apoptosis. Combined treatment with YFD and cisplatin caused further increased expression of p53 and Bax and decreased expression of Bcl-2, compared to YFD or cisplatin treatment alone. These results suggest that YFD and cisplatin can function synergistically to modulate Bax/Bcl-2 level to induce tumor cell apoptosis, similar to the synergistic action of ginsenoside Rg3 and paclitaxel in breast cancer [@B20].

In conclusion, Yangyin Fuzheng Decoction improved health condition of cisplatin treated mice and enhanced anti-tumor efficacy of cisplatin through inducing cancer cell apoptosis and improving immune response to cancer cells. Yangyin Fuzheng Decoction could be a promising adjunct agent for lung cancer chemotherapy.
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![Lewis lung cancer growth in each group. A. C57BL/6 mice with Lewis lung tumor were treated with saline control, Yangyin Fuzheng Decoction (YFD), cisplatin, or combination of YFD and cisplatin for 10 days. The growth of tumor was monitored by caliper measurement of tumor size twice a week for 3 weeks. \*P \< 0.05 Cisplatin + YFD vs. Control group. B. The tumor weight of each group on day 21 (n=6). \*P \< 0.05 vs. Control group. \#P \< 0.05 vs. YFD group or cisplatin group. C. Mice body weight of each group on day 21 (n=6). \*P \< 0.05 vs. Control group.](jcav09p1568g001){#F1}

![Pathology of Lewis lung tumor tissues in each group. A. The morphology of the tumor tissues from mice treated with saline (control), YFD, cisplatin and YFD plus cisplatin on Day 21. B. Hematoxylin eosin staining of the tumor tissues. 100× and 400× magnification. Shown were representative images from 8 mice in each group.](jcav09p1568g002){#F2}

![Immunohistochemical analysis of Bcl-2, Bax and p53 in Lewis lung tumor tissues in each group. A. Representative staining of Bcl-2 in tumor tissues from mice treated with saline (control), YFD, cisplatin and YFD plus cisplatin on Day 21. 400× magnification. B. Semi-quantitative analysis of Bcl-2 staining (n=6). \*P \< 0.05 vs. Control group. C. Representative staining of p53 in tumor tissues. 400× magnification. D. Semi-quantitative analysis of p53 staining (n=6). \*P \< 0.05 vs. Control group. E. Representative staining of Bax in tumor tissues. 400× magnification. F. Semi-quantitative analysis of Bax staining (n=6). \*P \< 0.05 vs. Control group.](jcav09p1568g003){#F3}
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